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SYSTEM AND METHOD FOR 
RAPID PREHEATING OF AN 
AUTOMOTIVE FUEL CELL 

Background of Invention 

[0001 ] (1 ) FIELD OF THE INVENTION 

[0002] The present invention relates to a system and a method for rapidly preheating an 
automotive fuel cell and more particularly, to a system and method which utilizes heat 
generated by a vehicle air compressor to selectively and rapidly heat a vehicle's fuel cell 
stack. 

[0003] (2) BACKGROUND OF THE INVENTION 

[0004] In order to reduce undesirable emissions and the demand for fossil fuel, automotive 
vehicles have been designed that are powered by electrical devices such as fuel cells. 
These "fuel cell-powered electric vehicles" reduce emissions and the demand for 
conventional fossil fuels by eliminating the internal combustion engine (e.g., in 
completely electric vehicles) or by operating the engine at only its most 
efficient/ preferred operating points (e.g., within hybrid electric vehicles). 

[0005] Many fuel cells consume hydrogen gas and air (e.g., as reaction constituents). The 
consumed hydrogen and air must be properly stored and transferred to the fuel cell at 
certain temperatures and pressures in order to allow the fuel cell and vehicle to operate 
in an efficient manner. 

[0006] 

Vehicles employing these types of fuel cells often include systems and/or assemblies 
for storing and transmitting hydrogen gas and air to the fuel cell. Particularly, the 
hydrogen gas is typically stored within a tank at a relatively high pressure and with a 
relatively high amount of potential energy. The hydrogen gas is then transferred to the 
APP ID=09682770 Page 1 



fuel cell by use of several conduits and several pressure-reducing regulators, which lower 
the pressure of the gas by a desirable amount. The air that is communicated from the 
fuel cell is obtained at atmospheric pressures and must be pressurized or otherwise 
driven through the system in order to ensure proper and efficient fuel cell operation. This 
pressurization and/or driving of air through the system is typically performed by use of a 
compressor or turbine. These compressors or turbines compress the air to a desired or 
predetermined pressure, which causes the air to increase in temperature. Because air 
above a certain temperature can damage a fuel cell or cause the fuel cell to operate 
inefficiently, the air is passed through a heat exchanger prior to entering the fuel cell, 
thereby cooling the air and ensuring the air entering the fuel cell does not exceed a 
predetermined temperature (e.g., 80 degrees Celsius). 

Jf [0007] In certain conditions, such as cold starting or freezing conditions, it is desirable to 
BJ heat a vehicle's fuel cells in order to ensure that the fuel cells operate efficiently in a 

ft minimal amount of time. Various schemes exist to overcome the cold starting limitations 

H of fuel cells and/or to maintain fuel cells at or above a certain desired temperature. 

Certain prior vehicles utilize an auxiliary power source, such as resistive heating elements 
2 powered by on-board batteries. However, these additional power sources adversely 

increase the cost, weight and volume of the fuel ceil system, drain the vehicle's battery, 
*2 and consume electrical energy, which could otherwise be used to power the vehicle's 

M- electrical components and accessories. Other prior schemes for pre-heating fuel cells 

include introducing a hydrogen/air mixture into the process oxidant channels of the fuel 

cell. However, these prior schemes require complex control systems which undesirably 

increase the cost and complexity of the vehicle. 

[0008] There is therefore a need for a new and improved system and method for use with a 
fuel cell powered vehicle which selectively and rapidly preheats the vehicle's fuel cell 
stack during cold starting or freezing conditions. 

Summary of Invention 

[0009] A first non-limiting advantage of the invention is that it provides a system and 
method for selectively and rapidly preheating a vehicle's fuel cell stack during cold 
starting or freezing conditions, and which overcomes the drawbacks of prior systems and 
methods. 
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[0010] 



A second non-limiting advantage of the invention is that it provides a system and 
method for selectively and rapidly preheating a vehicle's fuel cell stack during cold 
starting or freezing conditions that does not require an auxiliary power source or a 
complex control system. 



[0011] 



A third non-limiting advantage of the invention is that it provides a system and 
method for selectively and rapidly preheating a vehicle's fuel cell stack during cold 
starting or freezing conditions that utilizes heat stored within compressed air, which is 
transferred to the fuel cell stack, in order to heat the fuel cell stack. 



[0012] 



A fourth non-limiting advantage of the invention is that it provides a system and 
method for selectively and rapidly preheating a vehicle's fuel cell stack during cold 
starting or freezing conditions that utilizes heat stored within compressed air to preheat 
the fuel cell stack and to preheat hydrogen gas, which is communicated to the fuel cell 



stack. 



[0013] 



According to a first aspect of the present invention, a system is provided for 



selectively heating a fuel cell within a vehicle. The system includes an air compressor; 
and a conduit system which is communicatively coupled to and receives compressed air 
from the air compressor and which is further communicatively coupled to the fuel cell, 
the conduit system being effective to selectively deliver the compressed air directly to the 
fuel cell during cold start conditions, effective to heat the fuel cell. 

[001 4] According to a second aspect of the present invention, a system is provided for 

supplying air and hydrogen gas to a fuel cell within a vehicle. The system includes a fuel 
tank which selectively stores the hydrogen gas; a first conduit system which selectively 
and fluidly couples the fuel tank to the fuel cell, effective to allow the pressurized 
hydrogen gas to be selectively communicated to the fuel cell; a compressor which is 
effective to receive and compress the air; a second conduit system which is 
communicatively coupled to the compressor and to the fuel cell, the second conduit 
system being effective to receive the compressed air and to allow the compressed air to 
be selectively communicated to the fuel cell; a first heat exchanger which is operatively 
disposed within the second conduit system and which is effective to selectively cool the 
compressed air before the compressed air is communicated to the fuel cell; and at least 
one bypass valve which is operatively disposed within the second conduit system and 
which is effective to allow the compressed air to selectively bypass the first heat 
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exchanger. 

[001 5] According to a third aspect of the present invention, a method is provided for 
preheating a fuel cell stack within a vehicle having a compressor for selectively 
compressing air, an air conduit system which is communicatively coupled to and receives 
compressed air from the compressor, and which is further communicatively coupled to 
the fuel cell stack, and a heat exchanger which is disposed within the air conduit system, 
and which is effective to selectively cool the compressed air. The method includes the 
step of selectively causing the compressed air to bypass the heat exchanger and to be 
communicated directly to the fuel cell stack, thereby heating the fuel cell stack. 

[001 6] These and other features, aspects, and advantages of the invention will become 
apparent by reading the following specification and by reference to the following 
drawings. 

Brief Description of Drawings 

[001 7] Figure 1 is a block diagram of a system which is made in accordance with the 

teachings of the preferred embodiment of the invention, which is adapted for use with a 
fuel cell powered vehicle, and which is effective to selectively and rapidly preheat the 
vehicle's fuel cell stack in cold starting or freezing conditions. 

Detailed Description 

[001 8] Referring now to Figure 1 , there is shown a block diagram of a system 1 0, which is 
made in accordance with the teachings of the preferred embodiment of the invention, 
and which is effective to selectively preheat one or more fuel cells 1 2 within a vehicle 14. 
Particularly, system 10 is adapted for use in combination with a vehicle 14 including one 
or more hydrogen-based fuel cells 1 2 (e.g., a fuel cell stack) which provide power to the 
vehicle 14. In the preferred embodiment, vehicle 14 is an electric or a hybrid-electric 
vehicle, and fuel cells 1 2 utilize a chemical reaction that consumes hydrogen gas and air 
(e.g., the oxygen within the air) to generate electrical power. It should be appreciated that 
while in the preferred embodiment of the invention, fuel cells 1 2 are of the type which 
consume hydrogen gas, in other alternate embodiments, other types of compressed 
gasses can be used to generate power within the fuel cells 1 2, and system 1 0 would work 
in a substantially identical manner to preheat fuel cells 1 2 and provide substantially 
identical benefits. 
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[001 9] System 1 0 includes a conventional storage or fuel tank 1 6 which receives and stores 
hydrogen gas at a relatively high pressure, a first heat exchanger 1 8, a second heat 
exchanger 20, a compressor 22, a bypass valve 26, a controller 30, and vehicle sensors 
32. 

[0020] The system 1 0 further includes a first hydrogen gas conduit or delivery system 42 
which may comprise one or more tubes or conduits that are disposed throughout the 
vehicle 1 4 and that selectively carry and transport the hydrogen gas from the tank 1 6 to 
the fuel cells 1 2. Conduit or delivery system 42 may also include one or more 
conventional pressure regulators. As shown in Figure 1 , conduit system 42 is fluidly 
coupled to heat exchanger 20 and fuel cells 12. 

[0021] A second air conduit or delivery system 44 fluidly couples fuel cells 12 to a source of 
air. Air delivery system 44 includes a first conduit 48 which is coupled to and receives air 
from the ambient environment external to the vehicle 1 4, and a compressor 22 which is 
fluidly coupled to and receives air through conduit 48. System 44 further includes 
conduit 50 which communicatively and fluidly couples compressor 22 to valve 26, and 
conduit 52 which is communicatively coupled to fuel cells 12 and valve 26. Conduit 52 
traverses heat exchanger 1 8, effective to cool the air received from compressor 22 prior 
to delivering the air to fuel cells 1 2. 

[0022] A conduit 54, which bypasses heat exchanger 1 8, is coupled to valve 26 and fuel cells 
1 2. Heat exchanger 20 is operatively disposed within conduit 54 and receives air from 
conduit 54 and uses the received air to heat the hydrogen gas within conduit 42. It 
should be appreciated that the present invention is not limited to the foregoing conduit 
systems or configurations, and that in alternate embodiments, different and/or additional 
numbers of conduits may be used to interconnect the various components of system 10. 
For example and without limitation, vehicle 14 may further include exhaust and/or return 
conduit systems (not shown) which are effective to treat and/or remove exhaust gasses 
from the vehicle 1 4 and/or to return unused hydrogen gas to the fuel cells 1 2. 

[0023] Controller 30 is respectively, electrically and communicatively coupled to bypass 

valve 26 by use of electrical bus 56, and to vehicle sensors 32 by use of electrical bus or 
buses 66. 



[0024] 
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In the preferred embodiment, controller 30 is a conventional microprocessor based 
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controller and in one non-limiting embodiment, controller 30 comprises a portion of a 
conventional engine control unit ("ECU"). In other alternate embodiments, controller 30 is 
externally coupled to the engine control unit. 

[0025] Fuel tank 1 6 is a conventional storage tank which is adapted to receive and store 
compressed gaseous fuel, such as hydrogen gas, at relatively high pressures. In the 
preferred embodiment, heat exchanger 20 is a conventional gas-to-gas heat exchanger 
which transfers heat energy from the compressed air passing through conduit(s) 54 to 
the hydrogen gas passing through conduit(s) 42. 

[0026] In the preferred embodiment, compressor 22 is a conventional compressor including 
a turbine or other device which is in fluid communication with conduit 48 and is effective 
to "draw in" air through conduit 48 (e.g., from the environment external to the vehicle), 
to compress or pressurize the air and to communicate the pressurized air to fuel cells 1 2 
through conduit 50 and either conduit 52 or conduit 54. 

[0027] Heat exchanger 1 8 is a conventional gas-to-fluid heat exchanger which selectively 
receives compressed air from conduit 52 and coolant (e.g., water) from an external 
source (not shown). Heat exchanger 1 8 allows heat energy within the compressed air to 
be absorbed by or transferred to the coolant, thereby desirably cooling the air that is 
transferred to the fuel cells 1 2. 

[0028] Sensors 32 comprise conventional and commercially available vehicle operating 
sensors which measure and/or estimate various operating attributes, such as the 
pressure and temperature of the hydrogen gas and air within various locations in the 
system (i.e., within various conduits), and the temperature of the outside environment or 
ambient air. Sensors 32 measure and/or estimate these attributes and communicate 
signals representing the measured and/or estimated values to controller 30 which uses 
the signals to actuate and/or operate bypass valve 26 in a desired manner. 

[0029] Bypass valve 26 is a conventional electronically controlled (e.g., solenoid) valve which 
allows pressurized air from compressor 22 to be selectively communicated to fuel cells 
1 2 through conduit 52 (and heat exchanger 1 8) or through conduit 54 (and heat 
exchanger 20). In other alternate embodiments, different types of bypass valves may be 
used. 



[0030] 
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In operation, system 1 0 utilizes the heat energy stored within the compressed air to 
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selectively heat the fuel cells 1 2 and hydrogen gas during cold start or freezing 
conditions. Particularly, when the vehicle 14 is activated during relatively cold 
temperatures or "cold start conditions" (e.g., temperatures below some predetermined 
threshold, such as zero degrees Celsius), controller 30 selectively actuates bypass valve 
26, thereby transferring the compressed air to fuel cells 1 2 through conduit 54. This 
allows the compressed air, which has increased in temperature due to compression, to 
preheat the fuel cells 1 2 and to further preheat the hydrogen gas by use of heat 
exchanger 20. 

[0031] 

In order to operate valve 26, controller 30 receives signals from sensors 32 which 
provide values representing and/or estimating the temperature of the ambient air, the 
temperature of the fuel cells 1 2, and/or the temperature of the air and/or hydrogen gas 
entering the fuel cells 1 2 (e.g., the temperature of the compressed air). When the 
temperatures of the ambient air and fuel cells 1 2 are below certain predetermined 
threshold values representative of cold start conditions, controller 30 communicates a 
signal to valve 26, effective to actuate the valve 26 so that the compressed air bypasses 
heat exchanger 1 8 and is communicated to fuel cells 1 2 through conduit 54. The heated 
air traverses through heat exchanger 20, effective to heat the hydrogen gas, before the 
hydrogen gas and air are delivered to the fuel cells 1 2. The heated hydrogen gas and air 
are effective to relatively rapidly heat the fuel cells 1 2. As the vehicle 1 4 and fuel cells 1 2 
are operated and begin to increase in temperature, it becomes desirable to remove heat 
energy from the compressed air prior to communicating the air to the fuel cells 1 2. 
Controller 30 monitors the temperature of the fuel cells 1 2, the ambient air temperature, 
and/or the compressed air temperature by use of sensors 32. Once the temperature of 
either fuel cells 1 2 or of ambient air exceeds a certain predetermined threshold value, 
controller 30 communicates a signal to valve 26, effective to channel the pressurized air 
through conduit 52 and heat exchanger 18. Heat exchanger 18 cools the compressed air 
to a desirable temperature, thereby preventing potential heat damage to the fuel cells 1 2 
and ensuring that the fuel cells 1 2 operate at an efficient temperature. It should be 
appreciated that the predetermined threshold temperatures stored within controller 30 
may be based upon various parameters relating to the type of vehicle and type and 
number of fuel cells 1 2 that are used within the system 1 0. In alternate embodiments, 
the controller 30 may further utilize or consider other vehicle attributes or operating data 
received from sensors 32 in operating bypass valve 26. In another non-limiting 
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embodiment, heat exchanger 20 is removed from the system, and each of conduits 54 
and 42 is directly connected to fuel cells 1 2. 

[0032] It should be appreciated that the foregoing system 1 0 provides for the selective and 
relatively rapid preheating of fuel cells 1 2 and of the air and hydrogen gas entering the 
fuel cells 12. Moreover, the system 10 provides this preheating function in an efficient 
and inexpensive manner and eliminates the need for an auxiliary power supply and/or 
heating devices. 

[0033] It is to be understood that the invention is not to be limited to the exact construction 
and/or method which has been illustrated and discussed above, but that various changes 
and/or modifications may be made without departing from the spirit and the scope of the 

C! invention. 
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